and 75 mM-NaCl. At least two livers were used to make a single preparation. The tissue was removed from the medium, blotted dry, weighed and minced with scissors. It was then homogenized in 2-5 times its weight of medium A with a Perspex pestle rotating at 1000 rev./min. in a stainless-steel tube. Nuclei, debris and mitochondria were removed by centrifuging at 15 000g for 15 min. at 0-1°. The middle third of the supernatant (referred to as 15s) was carefully sucked off. This was either used directly in the 29 incorporation experiments or centrifuged for 1 hr. at 105 000g to sediment the microsomal pellet. The supernatant immediately above the pellet was discarded, the remainder being used to prepare the pH 5 fraction by adjusting the pH to 5-2 (glass electrode) with M-acetic acid at 0-1°. The precipitate was sedimented by centrifuging at 00 for 10 min., washed in ice-cold water and redissolved in an appropriate volume of medium A. The microsomal pellet was rinsed with ice-cold medium A and the walls of the tube were dried with tissue paper. The pellet was then resuspended in medium A by gentle homogenization with a close-fitting pestle in a Perspex tube. Ribosomes were prepared from this pellet as described by Korner (1961) .
Incorporation of amino acid. A portion (1 ml.) of fraction 15s was incubated with 2,umoles of ATP, 10,Lmoles of phosphoenolpyruvate and 1 c of [G-14C] leucine (0-13 Imole of leucine) in a total volume of 1-5 ml. of medium having a final concentration of 8 mM-MgCl2, 5-5 mm-NaCl, 1-8 mM-KCl, 3 mM-tris-HCl, pH 7-7, and 0-25M-sucrose. All additions, including chlortetracycline, were first adjusted to pH 7-7. The mixture was shaken in air at 370 for 30 min. The reaction was stopped by chilling in ice. Samples were then taken either directly for determination of radioactivity and protein content as described below or, where separation of the microsomes was required, the system was diluted with medium A containing 1-0 % (w/v) of casein hydrolysate and spun at 105 OOOg for 1 hr. The pH 5 fraction was precipitated from the supernatant as described above. Bollum's (1959) method for RNA. Strips of Whatman no. 3MM or no. 120 paper, 25 mm. x 40 mm., were used to support the samples. The thicker grade of paper (no. 120), for larger samples up to 0-4 ml., did not affect the oounting efficiency (55%).
The strips were suspended in scintillator (20 ml.) in lowpotassium-glass vials. Counting errors due to variations in orientation of the strips were eliminated by using the spectrometer in the 'coincidence' position. The scintillator used contained 0-1 g. of 1,4-bis-(5-phenyloxazol-2-yl)benzene and 4 g. of 2,5-diphenyloxazoleAl. of sulphur-free toluene. The instrument used was a Tricarb automatic liquid-scintillation spectrometer, model 314 EX (Packard Instrument Co. Inc.). In the early experiments the radioactivity of transfer RNA was determined after extraction with water-saturated phenol as described by Hoagland et al. (1958) . Later, a more convenient method was developed. Duplicate samples of a solution of the pH 5 fraction were applied to the filter-paper strips. One series was washed (hot-washed) as described for proteins by Mans & Novelli (1961) to remove-the RNA. The other series was washed (cold-washed) by the method described for nucleic acids by Bollum (1959) , in which the RNA is left on the paper with the protein. The difference in counts/min., cold-washed -hot-washed, was assumed to be equal to the counts/min. incorporated into the transfer RNA. This technique gave specific activities for transfer RNA that were not significantly different from those obtained by the water-saturated-phenol method. RNA extracted with boiling 10% NaCl had a slightly lower specific activity.
Protein. A biuret method described by Layne (1957) was used.
Ribonudeic acid. RNA was determined by using the absorption at 260 mjA, an extinction coefficient of 34-2/mg./ cm. (Korner, 1959) being assumed.
RESULTS
Effect of chlortetracycline on leucine incorporation into total protein. Chlortetracycline significantly inhibited the incorporation of leucine in vitro into protein by the rat-liver 15s and E. coli 30s preparations at a concentration as low as 4 iim. Over the entire range of concentrations the bacterial preparation was more sensitive to chlortetracycline than the rat-liver system. At a concentration of 400 ltM there was 89 % inhibition of incorporation into E. coli 30s protein preparation and 72 % inhibition of incorporation into liver 15s protein preparation (Fig. 1) .
Effect of chlortetracycline on leucine incorporation into tran8fer RNA. Table 1 shows that, in either system, chlortetracycline did not affect the attachment of leucine to the isolated transfer RNA of the pH 5 fraction. The rat-liver RNA apparently accepted leucine more readily than E. coli RNA, perhaps because the rat-liver preparation was less saturated with unlabelled leucine than the bacterial transfer RNA.
Effects of chlortetracycline on leucine incorporation into tran8fer RNA and particles. Table 2 indicates that, in the rat-liver 15s preparation, chlortetracycline inhibited the incorporation of the amino acid into the microsomal protein, and there was also an increased labelling of the transfer RNA. In the E. coli 30s system, however, although the drug fraction from rat liver was incubated with pretm rat liver and E. coli were ribed in the Methods section. parations of rat-liver microsomes or ribosomes and the effect of chlortetracycline tested. In both Radioactivity incorporated systems the drug inhibited the incorporation of (counts/min./mg. of RNA) leucine into the particulate protein and increased
Rat liver
E. coli the labelling of the transfer RNA ( (Table 5) . Similarly, in corresponding E. coli preparations, chlortetracycline inhibited the transfer of leucine from transfer RNA to the ribosomal protein (Table 5 ). The effects of two other tetracyclines, oxytetracycline and tetracycline, and also chloramphenicol, on the amino acid transfer were studied in rat-liver and E. coli preparations. Oxytetracycline and tetracycline were more inhibitory in the E. coli than in the rat-liver system, and chloramphenicol, although moderately inhibitory to the bacterial transfer reaction, was completely without effect on the liver preparation (Table 6 ).
Effect of concentration of Mg2+ ions on the inhibitory action. Since chlortetracycline can act as a chelating agent (Hahn, 1958) , it was possible that it inhibited the incorporation of leucine into protein by reducing the concentration of Mg2+ ions. However, 400 ,uM-chlortetracycline could remove a maximum of only 0-4 mM_Mg2+ ions, a very small proportion of the optimum concentrations. In fact, the addition of up to 1-2 mM-Mg2+ ions in excess did not release the inhibitory effect of the drug in either preparations 15 s or 30s.
DISCUSSION
Chlortetracycline has been found to reduce the incorporation of [14C]leucine into the ribosomal protein of cell-free systems from rat liver and Escherichia coli. The drug does not interfere with attachment of the amino acid to the transfer RNA in either animal or bacterial preparations but prevents the subsequent transfer of leucine to the ribosomal protein. Oxytetracycline and tetracycline appear to act in a similar way, thus confirming Hahn's prediction that the tetracyclines would inhibit protein biosynthesis by interfering with some later stage in the process (Hahn, 1958) . The experiments reported, especially those in 
